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Abstract  
The Mandovi estuary is a prominent water body that runs along the west coast of India.  It forms an estuarine network 
with the adjacent Zuari estuary, connected via the Cumbharjua canal. The physico-chemical conditions seen in the 
Mandovi estuary  are influenced by two factors , the fresh water runoff during the monsoon season (June-September) 
and the tidal influx of coastal seawater during the summer (October to May) season. However, the effects of monsoon 
related changes on the phytoplankton of the Mandovi estuary are not yet fully understood.  An attempt to understand 
the same  has been made here by applying the process of daily sampling at a fixed station throughout the monsoon 
season.  It was noticed that the onset of the monsoon is responsible for an increase in nitrate levels upto 26 μM from 
<1 µM during pre-monsoon and enhancement of chlorophyll a (chl  a) as high as 14 µgL
-1 
during same period. The 
phytoplankton population was observed through both chemotaxonomy and microscopy and was found to be composed 
of mainly diatoms. CHEMTAX analysis further uncovered the presence of several other groups of phytoplankton, the 
presence of which is yet to be reported in any other tropical estuary. It included chrysophytes, cyanobacteria, 
prasinophytes, prymnesiophytes and chlorophytes. The appearance of phytoplankton groups at various stages of the 
monsoon were recorded, and this data is discussed in relation to environmental changes in the Mandovi estuary during 
the monsoon season. 
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1. Introduction  
Estuaries are complex ecosystems which have proven to 
be interesting areas of study due to their constantly 
changing physico-chemical environments. Estuaries on 
the west coast of India are unique in both their physical 
and biogeochemical features, due to intense freshwater 
flux during the monsoon [1]. The Mandovi estuary is 
located between 15
025’N to 15031’N and 73045’ to 
73
059’E along the west coast of India and is well mixed 
throughout the year, with the exception of the monsoon 
months during which time vertical stratification ap-
pears[2].  The Mandovi estuary receives an annual 
rainfall of 250-300 cm year
-1
 during the southwest 
monsoon (June-September) and less than 10cm year
-1
 
during the rest of the year [3]. During the southwest 
monsoon (SWM), the Mandovi estuary receives heavy 
freshwater discharge which results in constant alteration 
in the salinity.  Thus the salinity varies from 0 to 22 psu 
during the months from June to September[4]. These 
variations also bring changes in water turbidity and 
hence  availability of solar radiation during the mon-
soon. A unique feature of the Mandovi river is the 
phenomenal tides that it is subject to[5]. As a conse-
quence, the Mandovi estuary experiences large influxes 
of seawater during the non-monsoon months which not 
only has a significant impact on its salinity[5, 6] but also 
on its nutrient concentration[7]. Earlier it was noticed 
that the distribution and abundance of phytoplankton 
were strongly regulated by both its salinity and nutri-
ents[8].  As an alternative and complement to micro-
scopic examination, the accessory pigments estimated 
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by High Performance Liquid-Chromatography (HPLC) 
provide accurate class-specific differentiation of the 
phytoplankton groups[9]. This approach has greatly 
advanced our understanding of phytoplankton pigment 
composition and functionality in response to ecosystem 
changes in the southeastern US estuaries[10],   the 
Nervious estuary[11],  the Tagus estuary[12]  and the 
Schelde estuary[13],  However, this aspect of research 
is yet to be conducted in Indian estuaries. 
The aim of our study was to investigate the response of 
the phytoplankton community of the Mandovi estuary to 
monsoonal forcing using HPLC technique and to com-
pare it  through microscopy. To the best of our 
knowledge our study represents the first detailed study of 
the phytoplankton community combined with a pigments 
signature in a tropical monsoon-influenced estuary.  Our 
results also provide a further understanding of the dy-
namics of phytoplankton in neritic environments. 
 
2. Materials and Methods 
2.1 Study Site 
A 187 day sampling regime was undertaken in the 
Mandovi estuary  (Figure 1). Though partially land-
locked, this estuary is exposed to constant flushing and 
flooding by semidiurnal tides[1]. Water samples were 
collected daily at 11.0 hrs from  the station denoted as 
A in  Figure 1. This site was chosen not only because of 
its easy access to the coastal research vessel CRV Sagar 
Shukti, which was  anchored at the site during the entire 
study period,  but also on account of the large salinity 
range (0 to 22 psu) which the site experiences following 
the onset of the monsoon season (Shetye et al 2007a). 
The 187 day study period has been partitioned into four 
phases based on the rainfall that St. A received during 
that year:  the pre-monsoon (PreM; 23
rd
   May - 27
th
  
May 2007, Julian Days (JD) 143-147), intermonsoon 
(InterM; 28
th
  May - 23
rd
  June 2007, JDs 148-174), 
monsoon (MoN; 24
th
  June to 29
th
  Sep 2007, JDs 
175-272) and post-monsoon (PostM; 30
th
  Sept - 30
th
  
Nov JDs 273-334) (Pednekar et al, 2011). 
 Sampling was restricted to the surface and the water 
was collected using 5L Niskin sampling bottles,  
mounted on a Sea Bird Electronics Conductivity Tem-
perature Density (CTD) Rosette. Immediately after col-
lection, the water in the Niskin sampler was carefully 
drained into acid-washed carboys. Samples were then 
immediately transported under cold and dark conditions 
for analysis to the laboratory approximately 10 km away 
where they were carefully sub-sampled in duplicate for 
phytoplankton counts by microscopy, HPLC analysis and 
nitrate analysis.  Earlier study revealed the nitrate as 
important variable whereas other nutrients (phosphate, 



















Figure 1 Study area showing sampling station (St. A). 
 
2.2 Hydrography 
Rainfall data for  the  Mandovi estuary was obtained 
from the India Meteorological Department while CTD 
(sea bird) records were used for temperature-salinity 
purposes. Salinity was confirmed with a Salinometer 
(Atago S/Mill
®
, Japan, Salinity range 0 ~ 100 psu) while 
the Nitrate was analysed using the method outlined in 
Strickland and Parsons[15].   
 
2.3 Phytoplankton identification and enumera-
tion by microscopy 
Samples for total cell counts of phytoplankton and iden-
tification by microscopy were collected in duplicate in 
500ml plastic bottles. Samples were then carefully fixed 
with a few drops of Lugol's iodine, preserved with 3% 
buffered formaldehyde and then stored under dark and 
cool conditions until the time of analysis[16]. 
 
2.4 HPLC pigment analysis 
The Seawater samples (1 litre) were filtered through 
GF/F filters and analyzed by HPLC [9, 17]. Prior to the 
HPLC analysis, the filters were immersed in 90 % ace-
tone, extracted under cold and dark conditions overnight, 
sonicated and finally filtered through 0.2 µm, 13 mm 
PTFE filters to rid the sample of particulate debris. Ali-
quots of 1 ml of the pigment extract were then mixed 
with 0.3 ml of distilled water in a 2 ml amber vial and 
allowed to equilibrate for 5 minutes prior to injection 
into an HPLC (Agilent
®
 1100 series) equipped with a 
diode array detector. Pigments were separated in a C-18 
reverse-phase column using the eluent gradient pro-
gram[9] as adapted by Bidigare and Charles[17] as de-
tailed in Parab, et al. [16]. Chlorophyll, carotenoids and 
xanthophylls were detected by their absorbance peaks at 
436 nm and identified by comparison with the retention 
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times of standard pigments obtained from DHI
®
 Water 
and Environment, Denmark. The following abbreviations 
are used for the pigments:  chlorophyll a (chl a), chlo-
rophyll c2 (chl c2), fucoxanthin (fuco), diadinoxanthin 
(diad), peridinin (peri), zeaxanthin (zea), alloxanthin 
(allo), prasinoxanthin (pras), 19’hexanoyloxyfucoxanthin 
(19’hex), 19’butanoyloxyfucoxanthin (19’but), lutein 
(lut), neoxanthin (neo) and myxoxanthophyll (myxo). 
 
2.5 Chemotaxonomic analyses of phytoplankton   
The Algal class abundance was determined from HPLC 
algal pigment measurements using CHEMTAX, a factor 
analysis programme, which estimates the contribution of 
each specified phytoplankton pigment class to the total 
chl a concentration in a water sample[18].  
 
2.6 Statistical analysis 
The Principal component analysis (PCA) was carried out 
using Statistical package version 6.0. (Statsoft, Oklaho-
ma USA). The first principal component Factor 1 ac-
counts for greater variability and each succeeding factor 
explains the remaining variability possible in the data set. 
The ordination results for the first two most important 
factors (Factor 1 and Factor 2) were retained. The aver-
age tide for one week cycle is compared with biological 
data to normalize daily tide variability at a fixed time.  
 
3. Results 
3.1 Physico-chemical conditions of the estuary 
 During PreM season (JD 143) corresponding with the 
first rain showers the salinity was 37 ± 2. The intense 
rain received during JDs 148- 272 brought  about dras-
tic changes in the salinity of the region under study. Ini-
tially salinity was slowly lowered from 0-20 during JDs 
175-272. At the end of the MoN salinity showed up-
wards trend and the PostM season (JDs 273-334)  was 
marked by the presence of moderate salinity at the study 
site (26 ± 7). These variations in salinity  occurring with 
rainfall are depicted in Figure 2, where salinity followed 
the pattern of the rain received. 
Land runoff during the MoN brought nitrate into the es-
tuary, thus increasing its concentration up to 26 µM.   
The progression of the monsoon witnessed the addition 
and dilution of nitrate due to the freshwater runoff this in 
turn was also responsible for the moderately high nitrate 
levels ( in the range of 10-15 µM) throughout the mon-
soon (Figure 3). 
The salinity and temperature data recorded by CTD dur-
ing daily sampling is compiled. Temperature was not 
important factor since this is a shallow part of estuary 
near to river mouth.  However stratification was due to 
the freshwater cap formed during active monsoon. Dur-
ing the PreM, the temperature of the water column was 
around 31
0
C  while its  salinity was around 36.  As 
the monsoon progressed the temperature was lowered to 
26
0
C and salinity nearly zero with stratified water col-
umn. The PostM season was marked by 29
0
C water 
temperature and around 20 salinity with well mixed wa-











Figure 2 Variation in Salinity and Rainfall in Mandovi estuary. 
















Figure 3 Variation in Nitrate in Mandovi estuary. Where 143-147 
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3.2 Microscopic study 
Phytoplankton cell numbers were found to be highest at 





. During the InterM period high counts of the 
filamentous cyanobacteria Trichodesmium erythraeum 





 were recorded in the Mandovi 
estuary. During the MoN the population of the  phyto-
plankton increased time to time due to a break in the 
monsoonal rainfall (Figure 5).  An increase of at least 
six fold was recorded in phytoplankton numbers during 
the MoN  while a three  fold increase was recorded 
during the  PostM compared to low values during in-
tense monsoon (Figure 5). Monsoon pattern of total 
phytoplankton counts was more similar to diatom counts 
where as PostM matched with dinoflagellates counts 
(JDs 285, 303 and 350). This increase during MoN were 
associated with blooms of the diatom Skeletonema 





case of the PostM, the counts of the dinoflagellate 





 altering the phytoplankton pattern 
(Figure 5). 
 
3.3 CHEMTAX study 
Group level information on phytoplankton derived from 
chemtax study using pigment estimates is presented as 
the chl a equivalent to a particular phytoplankton group. 
At the beginning of the monsoon the increase in the chl a 
was mainly due to diatom growth (Figure 6), followed by 
cryptophytes. At the end of the MoN, an increase in the 
dinoflagellate population was recorded. Three prominent 
peaks of the prymnesiophytes were recorded during a 
break in the MoN where salinity was on the rise. The  
PostM season was also marked by an increase in the 
population of pico-cyanobacteria and prasinophytes dur-
ing intermittent showers of the post-monsoon rain. It was 
also observed that all six groups of phytoplankton rec-
orded by CHEMTAX study appeared as mixed popula-
tions just after the first showers of the MoN during JDs 
148-174 where salinity and nitrate both were high. 
The final output ratio matrices for InterM, MoN and 
PostM are shown in Table 1. The relative contribution of 
pigment groups to Chl a is illustrated in Table 2. The 
mean percentage of diatoms by CHEMTAX was high 
during InterM (63%) and PostM (63%)  and low in the 
PreM (42 %; Table 2). Dinoflagellates were high in the 
PostM (10 %), cryptophytes in the MoN (22 %), 
prymnesiophytes in the InterM (1 %) whereas cyanobac-
teria and prasinophytes during PreM (40 % and 6 % re-




























Figure 5 Biomass chlorophyll a, total phytoplankton density and 
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Monsoon (n=98) Post-monsoon 
(n=58) 
 
Chl a 2.96±0.57 5.76±3.10 1.95±1.55 2.79±1.34 
Chl b 0.26±0.11 0.45±0.32 0.60±1.36 0.30±0.21 
Chl c2 0.33±0.06 0.74±0.45 0.31±0.35 0.40±0.27 
Fuco 0.71±0.18 1.43±1.01 0.41±0.39 0.63±0.39 
Diad 0.13±0.03 0.29±0.17 0.12±0.17 0.13±0.08 
Peri 0.10±0.08 0.22±0.19 0.16±0.25 0.21±0.11 
Zea 0.33±0.10 0.61±0.80 0.19±0.15 0.34±0.23 
Pras 0.02±0.01 0.04±0.05 0.0±0.0 0.04±0.06 
Allo 0.04±0.04 0.08±0.07 0.12±0.13 0.02±0.03 
Lut 0 0.03±0.16 0 0 
Myxo 0.04±0.05 0.09±0.11 0.01±0.04 0.02±0.05 
19’but 0.0±0.0 0.01±0.03 0.01±0.03 0±0.01 
19’hex 0.03±0.03 0.05±0.05 0.02±0.05 0.04±0.03 
Neo 0.02±0.03 0.04±0.06 0.02±0.0 0.02±0.04 
NO3 (µM) 0.31±0.13 4.74±5.42 NC NC 






































NC-indicates samples not collected 
 
 
3.4 Comparison of microscopy and 
CHEMTAX study  
Out of the six groups of phytoplankton recorded by 
CHEMTAX study, only the diatoms and  the 
dinoflagellates were examined by the microscopy (Fig-
ure 5). Further it was noticed that the diatom being major 
group was in agreement with the CHEMTAX derived 
diatom data (Figure 6). This was also observed during 
bloom of the Skeletonema costatum, during intermittent 








































3.5 Effect of environmental variables on the 
phytoplankton population 
To know whether the variations in the hydrography,  
and phytoplankton biomass by microscopy and HPLC 
due to the tidal advection, the running 14 days mean was 
taken (Figure 7). It was found that the salinity varied 
from 2.86 - 36 (ave.15±11), chl a varied from 1.23 
-6.41µgL
-1
 (ave. 2.86±1.48), total phytoplankton density 




 (1.42±0.88), cell 





fuco was 0.18-1.74 µgL
-1
 (0.63±0.43), diatoms by mi-





(1.20±0.88), diatoms by CHEMTAX was 0.24-2.21 
µgL
-1
  (0.79±0.56) and fuco:chl a ratio was 0.14-0.31 
(0.22±0.05). 
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Table 3 Mean (plus the standard deviations) contribution of 
phytoplankton classes to chlorophyll a biomass (expressed 











Diatoms 42.86±10.65 63.13±21.13 53.29±24.58 63.76±15.90 
Dinoflagellates 4.10±3.40 6.03±4.69 6.31±8.74 10.51±6.43 
Cryptophytes 7.14±4.80 7.36±5.17 22.33±19.31 4.45±5.50 
Prymnesiophytes 0.00±0.00 1.16±2.02 0.74±2.01 0.92±0.91 
Chlorophytes 0.20±0.40 0.88±4.30 0.28±2.28 0.04±0.14 
Cyanobacteria 39.58±9.06 19.21±17.51 15.89±15.36 17.60±9.48 













































































InterMonsoon          
Diatoms   0.430       
Dinoflagellates 0.515         
Cyanobacteria        0.624  
Cryptophytes      0.186    
Chlorophytes    0.032   0.368 0.006 0.089 
Prasinophytes    0.046 0.055  0.003  0.579 
Prymnesiophytes  0.134 0.320       
          
Monsoon           
Diatoms   0.430       
Dinoflagellates 0.515         
Cyanobacteria        0.349  
Cryptophytes      0.186    
Chlorophytes    0.040   0.127 0.006 0.165 
Prasinophytes    0.020 0.042  0.003  0.566 
Prymnesiophytes  0.134 0.320       
          
Post-monsoon           
Diatoms   0.430       
Dinoflagellates 0.515         
Cyanobacteria        0.336  
Cryptophytes      0.186    
Chlorophytes    0.040   0.127 0.006 0.165 
Prasinophytes    0.051 0.106  0.003  0.491 
Prymnesiophytes  0.134 0.320       
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To discriminate patterns of variation in the phytoplank-
ton groups by CHEMTAX during different seasons, PCA 
analysis was undertaken using all phytoplankton groups 
derived by CHEMTAX  and environmental variables 
(salinity, temperature, rainfall and nitrate) as input varia-
bles. During InterM the first two factors, factor 1 and 2, 
explained 34.66% and 17.84%; MoN, 45.71% and 
19.26% and PostM 40.78% and 27.65% respectively, of 
the total variation in the phytoplankton groups by 
CHEMTAX (Figure 8A). During InterM, diatoms by 
CHEMTAX  as well as microscopy showed a positive 
correlation with rainfall and nitrate, while temperature 
was negatively correlated with these groups (Figure8A). 
Rainfall and nitrate were negatively correlated with all 
phytoplankton groups during MoN while salinity was 
positively correlated with diatoms, cryptophytes and cy-
anobacteria (Figure 8B). In PostM, rainfall and nitrate 
were negatively correlated with most of the phytoplank-



























Figure 7 Pigment : chl a ratio and salinity in Mandovi estuary 



























Figure 8A Principal Component Analysis ordination diagram rela-
tive to data on absolute contribution of phytoplankton groups by 
CHEMTAX and microscopy and physicochemical parameter dur-
ing Intermonsoon in the Mandovi estuary. Symbols represents 
Dino-dinoflagellates; Cyano-cyanobacteria; Crypto-cryptophytes; 
Chloro-chlorophytes;Prym-prymnesiophytes; 
Prasino-prasinophytes; Diatom_M-diatoms by microscopy; Di-

















Figure 8B Principal Component Analysis ordination diagram rela-
tive to data on absolute contribution of phytoplankton groups by 
CHEMTAX and microscopy and physicochemical parameter dur-
ing Monsoon in Mandovi estuary. Symbols are represented with 
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Figure 8C Figure 8C Principal Component Analysis ordination 
diagram relative to data on absolute contribution of phytoplankton 
groups by CHEMTAX and microscopy and physicochemical pa-
rameter during Post-monsoon in the Mandovi estuary. Symbols are 




Marine ecosystems are sensitive to physical factors like 
stratification, solar input and temperature  and chemical 
factors like nutrients, salinity and oxygen content of the 
water mass. In an estuarine ecosystem in addition to the-
se factors, freshwater run off during the MoN also to be 
taken into consideration. The land runoff during the 
monsoon transports fertilizers and organic detritus from 
surrounding agricultural areas, which in turn alter the 
light penetration due to an increase in the turbidity and 
resuspension of the bottom sediment[7]. During 2007, 
the monsoon was well spread and the salinity changes in 
the Mandovi estuary matched  the  rainfall pattern 
(Figure 2). It is interesting to note that, during the mon-
soon study for 10-12 times salinity reached to 0 psu in-
dicating that a total flushing of the estuarine water was 
taking place, thereby making the estuary a freshwater 
system. From temperature and salinity data (Figure 4) it 
appears that Mandovi estuary was stratified during the 
entire MoN whereas well mixed during PreM and PostM 
season. Mandovi estuary have identified as par-
tial-stratified estuary[1]. 
During the peak of the MoN nitrate was as high as 26 
µM and remained more than 5 µM throughout the mon-
soon (Figure 3). Our nitrate value was higher than the 
earlier reports from Mandovi estuary which was 6-11 
µM[20, 21]. The increase in nitrate in the estuary over 
the years is appreciable,  that may be due to agricultural 
runoff during the monsoons and process of eutrophica-
tion due to industrialization of catchment area and over-
use of river water for ore transport, drinking and agricul-
ture usage. 
The impact of the monsoon on the phytoplankton popu-
lation was recorded in terms of the phytoplankton (total 
cell numbers and chlorophyll a) and percentage of the 
phytoplankton groups [19]. The phytoplankton counts 




 which was 









) period. The 
earlier reports on phytoplankton counts and chl a con-
centration of Mandovi estuary  during the MoN was 
much lower[22] as compared to the rest of the year. Our 
data shows that the phytoplankton biomass is negatively 
affected during monsoon and not severely affected as it 
was reported earlier[22]. On the contrary, the diversity of 
phytoplankton was more during monsoon compared to 
other seasons[19]. 
In the backwaters of Cochin (India), with a similar estua-
rine system along the west coast of India, the phyto-
plankton biomass was found to be greater  during the 
peak monsoon season[23]. However, blooms of 
Ceratium furca and Nitzschia closterium was observed 
during the  PostM in the Mandovi estuary[22]. The fact 
that during the  PostM dinoflagellate population is more 
important part of the succession of the phytoplankton 
recorded in the Mandovi estuary [19]. 
The chlorophyll a distribution pattern during the mon-
soon season in the estuary matches with the salinity pat-
tern and hence rain.  These peaks were composed of 
blooms of diatoms (monsoon) and dinoflagellates 
(post-monsoon). Further it was noticed that Skeletonema 
costatum was the most successful diatom species during 
the monsoon while the dinoflagellate Scrippsiella 
trochoidea was during MoN and PostM (Figure 5). Dur-
ing monsoon stratification has supported diatom growth 
as long as nitrate level was high. At the end of the mon-
soon stratification persist but low nitrate only supported 
dinoflagellates. The large amount of biomass produced 
by Skeletonema costatum is exported to nearby coastal 
waters where it is recycled further, enrichment source of 
coastal waters during monsoon[16]. The west coast of 
Goa is rich in fishery[24]  and this river plays an im-
portant role by export of organic matter during MoN and 
PostM seasons. 
The phytoplankton counts data was in agreement with 
chl a (Figure 7). The relationship between chl a and total 
phytoplankton by microscopy is significant (r
2
=0.6; 
n=187), where microplankton is the important size group 
of the phytoplankton in the Mandovi estuary. The effect 
of the monsoon runoff on both diatom and dinoflagellate 
populations has been recently published (Pednekar et al 
2011). We have used this data with pigment data in Fig-
ure 5 the indicative pigments like fucoxanthin (for dia-
tom) and peridinin (for dinoflagellates) reflects on taxo-
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understanding impact of environmental changes on phy-
toplankton population in the tropical estuaries like 
Mandovi estuary. 
Although cryptophytes, chlorophytes, prasinophytes and 
cyanobacteria are important components of the Mandovi 
estuary the pattern of the phytoplankton community can 
be understood by study of the diatom and the 
dinoflagellate population (Figure 6). The fuco:chl a ratio 
remained same throughout the monsoon season (0.43). 
Similar data is also reported in the temperate estuarine 
region[25].  As such fucoxanthin showed a strong cor-
relation with chl a during the our study ( r
2
=0.8; n=187). 
The ratio chl b:chl a during our study varied from 0.089 
to 0.579 (Table 2 ). The highest value was found during 
the InterM. The chl b has been reported in the small 
size-phytoplankton in the estuarine waters[11, 26]. A 
high concentration of chl b in the eastern English channel 
in winter although no green algae were detected by light 
microscopy suggesting these algae were in picoplankton 
fraction[27]. In the Nervion river estuary the authors[28]  
reported Micromonas pusilla as dominant picoplankton. 
Prasinophytes have also been found to be the dominant 
green algae in other estuarine areas [29,30,31]. The ratio 
of chl b/chl a is higher in prasinophytes than in 
chlorophytes[32],  reaching values upto 0.8 in 
Micromonas pusilla [33]. The chl b:chl a ratio in the 
Mandovi estuary was partly due to the prasinophytes in 
addition to the chlorophytes. The peri:chl a ratio (0.515) 
for dinoflagellates remained unchanged in the Mandovi 
estuary which is similar to reported [26,34]. Similarly 
cryptophytes were a major component of the phyto-
plankton in the Mandovi estuary also observed in other 
estuarine and coastal waters [29,35,36]. The allo:chl a 
ratio (0.186)  was similar to the other estuaries reported 
[37]  (0.229); [38] (0.234); [39] (0.278), [40] (0.186), 
but lower than the earliar reports [11, 29]. The zea:chl a 
ratio for cyanobacteria in the Mandovi estuary was 0.349 
during MoN. This value was lower than the reported 
values for other estuaries[26]  (0.846); [29] (1.12); [34]  
(0.836)]; [41] (1.24); [42] (1.20) and [43] (0.7). 
 Besides diatoms, a reduction in the number of 
prasinophytes was also recorded during the MoN period 
(Figure 6). The occurrence of chlorophytes, cryptophytes 
and cyanobacteria as important groups of phytoplankton 
was recorded for the first time from this or any other 
tropical estuary. High concentrations of the chlorophytes 
and cryptophytes have been known to prevail in the 
Kirka river[44] , the Hudson river [45],  the Urdaibai 
estuary [37] and the Nervious river [11]. The 
CHEMTAX analysis employed in our study gives a new 
insight into the community structure of the phytoplank-
ton in the Mandovi estuary. The CHEMTAX analysis of 
the Mandovi estuary (Table 2) revealed a decrease in 
diatoms upto 53% of total phytoplankton and an increase 
in dinoflagellates upto 11% during PostM (Table 2). An-
other interesting aspect was that of cryptophytes that 
increased from 7% to 22% of the phytoplankton popula-
tion during PreM and MoN. The high percentage of cy-
anobacteria during the PreM was due to the 
Trichodesmium erythraeum presence in the Mandovi 
estuary. The percentage of pico-cyanobacteria was 
around 15-20% throughout the study, which is reasona-
bly high (Table 2).  
During the InterM, the increase seen  in the diatom 
population was due to high nitrate levels  which was as 
high as 26 µgL
-1
 (Figure8A). However, although nitrate 
was  high, low salinity and low temperature during the 
monsoon has affected diatom at population level (Figure 
8B). As the salinity lowered during the monsoon, there 
was an increase in the prymnesiophytes, prasinophytes, 
cyanobacteria and cryptophytes. Salinity was showing 
upward values during PostM and favored diatoms ini-
tially and dinoflagellates (Figure 8C). 
 
5. Conclusions 
Diatoms are an important group of phytoplankton found 
during the pre-monsoon season, further, more they are 
affected  by the freshwater that is experienced more 
during the peak monsoon season. Dinoflagellate bloom 
of Scrippsiella trochoidea followed bloom of 
Skeletonema costatum at the end of MoN and continued 
during PostM season. Besides this, chlorophytes and 
cryptophytes constitute a important part of the phyto-
plankton community during monsoon. The presence of 
the Trichodesmium erythraeum and Trichodesmium 
thiebautii during PreM and InterM season and pi-
co-cyanobacteria during MoN comprised of, as high as 
19% of the total phytoplankton biomass. Land runoff 
was  the cause of bloom of the Gyrodinium spirale at 
the end of the monsoon. Probability of such HAB events 
in this and the other tropical estuaries suggest the re-
quirement of the phytoplankton monitoring programme 
in this estuary. 
Since samples were collected at fixed time, area is sub-
jected to tidal variation daily basis. The weekly tidal cy-
cle is characteristics feature. The chl a, phytoplankton 
numbers, phytoplankton volume, diatom numbers and 
fuco:chl a ratio is averaged for weekly basis (Figure 7). 
Effect of monsoon is clearly seen on phytoplankton bio-
mass specially diatom as the group during this averaging 
exercise (Figure 7). A linear relationship was also existed 
in chl a to fuco  relationship where r
2
=0.8 (n=187) in-
dicative of importance of diatom in the estuarine region. 
As such diatom estimated by Chemtax and microscopy 
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